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Several observers have noted profound changes in the diet of the Rarotongan since the advent of the European about 100 years ago (Davis, 1947; Abraham, 1947 ; Peren, Although native local foods still remain the staple diet, increasing reliance is being placed on imported European-type food, chiefly meat, flour, sugar and biscuits. With a view towards assessing the effects of these changes and the adequacy of the diet as a whole, nutritional status was investigated in the course of a survey of the health of Cook Islanders carried out in January and February 1950.
1947; Wingfield, '949).
METHODS
The subjects of this survey were 365 people of all ages, chosen at random in sixty-six family groups from the village of Arorangi, on the island of Rarotonga, in the Cook Islands. As seen from Table I , they comprised a representative sample (about onethird) of the population of the village of Arorangi, and in turn a representative sample of the whole island's population of approximately 6000. By occupation, fifty of the adults were planters entirely dependent upon the products of their plantation, thirty-one worked regularly for wages in addition to planting, and twenty-one were entirely dependent upon wages which averaged about 6s. a day. Of VOl. 5
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This gives values for protein approximately 0.15 g./Ioo ml. higher over the range, than the formula, 373 (G, -1.007), recommended by Van Slyke, Phillips et al. (1950) . Sedimentation rate was measured by Wintrobe's method (Wintrobe, 1935) .
Dietary assessment
observation.
A qualitative assessment of the diet of each family was made by interrogation and
Vital statistics
The vital statistics for the Cook Islands as a whole and for Rarotonga were considered.
RESULTS
Clinical methods
General physical examination. On the whole the people appeared reasonably clean, cheerful and well nourished. Almost without exception their co-operation was good.
There was one case of malnutrition, in an infant of 8 months, following a bout of unspecified diarrhoea several weeks previously. The Mantow test was negative, but the home conditions and parental education were among the poorest seen. The only deformities seen were due to trauma, or had some explanation other than malnutrition. No clinical signs of malnutrition were noted. Only one case of thyroid enlargement of a minor nature was seen.
Skin conditions. Scars, of both infective and traumatic origin, were encountered almost universally; scabies, head-lice and ringworm were also common. No skins were seen that reflected nutritional deficiency. 
Dental and oral examination
The results of the dental examination are shown in Tables 3 and 4 . It will be seen that of the 361 mouths examined, twenty-four were edentulous, eight on account of infancy, sixteen had had all their teeth extracted and of these nine had no dentures.
Of the remaining 337, twelve (4 %) were free from dental caries (ten of these were I year old or less, one was aged 3, and one IS). Of the 325 with dental caries, 258 (80 yo) were over 6 years of age. The table shows that there was no important difference between the incidence in the various age groups.
The degree of caries and the number of fillings are shown in Tables 3 and 4 by age groups. It is evident that the severity of the caries increases as age advances. It is noteworthy that only one individual over 40 had any fillings; this man had been overseas with the Cook Island contingent to the first World War and the copperamalgam fillings were the work of the dental unit at Moascar Camp. Most of the dental work had been carried out by the School Dental Service but in few mouths had the necessary dental work been completed. Out of sixteen totally edentulous people seven had full dentures, and two out of nine without upper teeth had full upper plates and six others had partial upper plates. The same type of anomalies was found as was mentioned by Wingfield (1949). This hypoplasia of enamel was found in a number of cases. In one family all members were affected. A number of cases of cracked enamel on the palatal surfaces of the upper incisors was noted, and marked attrition on the occlusal surfaces of the molars with exposure of dentine-such teeth were free of caries. l'he use of a toothbrush is being introduced among schoolchildren.
Health of gums. The incidence of gingival disease by age groups in 343 individuals in this study contrasted with the number of teeth present in the mouth is shown in Table 5 . The steadily increasing amount and degree of gingival disease with advancing age is evident.
Health ofpharynx. Table 6 shows that the state of health of the throat and tonsils was excellent.
Anthropometric measurements
Height and wekht. The average height and weight for each age group are shown in Tables 7 and 8 ; in addition, the weights in relation to height, for males and females irrespective of age, are shown in Fig. I . The heights and weights of Rarotongan children studied in this group are compared with similar figures for children of comparable age from other countries in Tables 9 and 10 .
In an attempt to standardize figures to a comparable base, weight: height ( W : H)ratios and the Tuxford index (Tuxford, 1942) for the groups shown in Tables 9 and 10 have been calculated and are presented in Table 1 
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Laboratory tests
Hmoglobin and erythrocyte count. The results of the haemoglobin determinations are shown in Table 12 . The mean haemoglobin level with its standard error of alI the subjects tested, both males and females, was 1 4 1 8 0.09 g./Ioo ml. blood as measured colorimetrically. Calculated from the specific gravity of the blood, a mean level of 1441 T 0.07 g./xoo ml. blood was obtained. Although the results by these two methods did not always coincide, there was a significant correlation of I = 0.475 k 0.045 between these two means. There was a significant difference between males and females in the 16-45 age group, although the absolute values were normal. Erythrocyte counts on 149 subjects gave a mean level of $55 0.07 million/cu.mm. The lowest reading found was 3 million cu.mm.
Plasma protein.
The results of the determinations of plasma protein are shown in Table 13 . The levels generally were high, and increased with age. This increase commenced early, as three blood samples from the youngest investigated-in the 1-3 years age group-were over 6.5 g./Ioo ml.; although this was within generally accepted limits, there was a distinct upward trend with age. Sedimentation rate. The sedimentation rate was measured in 290 people. If normal limits are taken as 5 mm./hr. for men and 15 mm./hr. for women, then the sedimentation rate must be considered abnormally elevated in 67 yo of the subjects. In 20 yo it was over 30 mm./hr. In three cases it was over 50 mm./hr. In 121 cases with a sedimentation rate of under 15 mm./hr., the mean plasma protein was 8.38 f 0.082 g./ IOO ml., whereas in 160 cases with a sedimentation rate of over 15 mm./hr., the mean plasma protein was 8.61 k 0.72 g./Ioo ml. This difference shows a probability of 30 : I and is taken as significant. The explanation of this observation is considered in the discussion.
Dietary assesmtent
Questions were asked in each house as to the times when food was eaten and the nature of the food consumed. It was found that, whereas the staple food still remains kumara, taro, breadfruit, arrowroot and green bananas, increasing dependence is being placed on tinned food bought from the stores, of which there were eight in the village of Arorangi alone. About one-third of the total imports to the Cook Island group are foodstuffs, mainly tinned meat, flour, sugar and biscuits. In the Annual Report of the Cook Islands for the year ended 31 March 1949, foodstuffs were given as 32-5 % (&7,450) of the total imports (New Zealand Government, 1950). In few families was any milk consumed, and then it was reserved for babies or sick people.
Goat's milk was in occasiorial use. Green vegetables were scarce. Butter, cheese and eggs were rarely eaten. Coconut in some form, particularly as coconut cream, was used in all the families every day. It was surprising to find that fish and fish foods bulked largely in the dietary, despite many statements to the contrary. Each family seemed to collect its own sea-food products. In only one household was flour bought as such.
Milk in schools. The introduction of a milk ration in all the schools in Rarotonga had been in operation for 18 months and the teachers were enthusiastic as to its advantages. Meals. In every instance breakfast was a very sketchy meal. In some no breakfast at all was eaten. In the remainder it consisted of bread without butter and tea without milk. In only three instances was animal protein eaten at this meal. Frequently the children went to school without breakfast. In all the families, the principal meal of the day was eaten at midday. Fresh meat was a luxury and, when eaten, consisted principally of pork. The evening meal was very similar to the breakfast, consisting chiefly of
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bread and tea. Local fruits, such as tomatoes and citrus fruits, were eaten freely when in seakn, but the pawpaw-rich in vitamin C and a good source of carotene and so attractive in its flavour and texture to the European-was eaten only by babies and pigs. Half the population of Rarotonga, which has doubled since 1906, consists of children ( Table I) .
Vital statistics
Nutritional status may be assessed by (a) considering the quantity and quality of foodstuffs consumed, and (b) the results of a clinical examination and laboratory tests designed to discover nutritional disorders.
Davis (1947), Abraham (1947) , Peren (1947) and Wingfield (1949) all comment on the change from native to European foods; our findings amply confirm this. While native foods take a minor place, the Rarotongan depends largely upon imported tinned meat, supplemented by fish and shell-fish which are becoming inadequate in supply, for his chief protein sources; all of these are limited by cost or availability. This state of affairs is, in turn, a reflexion on the state of animal husbandry on the island. Very few cows, all in apparently poor condition, are kept; goats and pigs are common domestic animals and most families keep poultry, but there is no attempt at scientific farming either for meat or eggs.
Figures available for infant mortality in both Rarotonga and the whole Cook Islands group, show that infection rather than frank malnutrition is the chief cause of death.
HOW much the high infection rate may be influenced by suboptimal nutrition is not known ; infective conditions will be discussed separately in a subsequent publication (Faine & Hercus, 1951) .
Protein deficiency, if present, is not reflected either in the plasma proteins or in clinical signs. Indeed, the plasma proteins are relatively high, comparable to figures found for serum by Wills & Bell (195 I) in Fiji and Samoa, using the same coppersulphate method and the same formula for calculation from the specific gravity.
A sample of serum submitted to electrophoretic fractionation by these workers showed a twofold increase in the y-globulin fraction. The increase in plasma protein in Rarotongans is similar, both in magnitude and in age distribution, to the increase in the serums of Fijians and Samoans. Also the association of raised plasma protein '95'
with a rapid sedimentation rate in the Rarotongans suggests that it may be related to some infection. The results of haemoglobin determinations and of erythrocyte counts showed no signs of iron deficiency, nor were any serious cases of anaemia found, even among women of reproductive age, many of whom had large families.
Clinical examination, substantiated by laboratory findings, showed very little 'malnutrition'. Pollack (I~so), in a review of the physical signs of nutritional disturbance, points out that the degree of abnormality required for the diagnosis of nutritional disturbance varies with the observer and with his experience of nutritional disorders. Nevertheless, none of the signs he considers indicative or suspicious of nutritional disturbance were seen, so that the problem of the interpretation of signs noted does not arise. A clinical or laboratory search for signs of malnutrition is, at the best, a negative approach to the problem of assessment of nutritional status. It is more important to be able to credit for 'good' nutrition than to debit for 'malnutrition'. The 'subjective nutritional assessment' contributes to the positive side to some extent. Here the difficulty is not deduction of marks for 'malnutrition' but how to assess obesity, which was common. If obesity is to be considered a state of nutritional disturbance, as it is, then marks must be deducted; if this is done there is no way of distinguishing between the obese and the undernourished. However, if this distinction is not made, there is still a difference between those considered to be of good nutrition and those of unsatisfactory nutrition, whether the latter state be due to undernourishment or obesity. Here marks have been deducted for obesity.
Obesity, as seen from the height-weight graph, is an important problem, especially among the women, very few of whom are tall in proportion to their weights. A dietary factor that alone could be responsible was not obvious, unless it could be the apparent reliance placed on foods in the diet containing carbohydrate and fat. Diabetes is said to be rare. Perhaps there is a racial factor, possibly of dietary habit, as this obesity appears to be common to several Polynesian groups, especially among the women. Many workers have attempted to provide some index, readily arrived at from a few simple measurements, that would give an objective measurement of nutritional status.
Of nearly all of these methods, reviewed by Tuxford (1939), Stuart & Meredith (1946) and Stevenson (I~so), height and weight are the fundamental factors, which are corrected for age by some when dealing with children. There is little doubt that physique reflects nutritional disturbances, so that measurement of physique may be taken as a measure of a positive aspect of nutritional status, in the absence of gross organic factors affecting physique. Height and weight are both gained progressively during childhood and adolescence, but there is a wide range of normal values in each age group due to individual variations in body-type, sexual maturity and racial factors. For these reasons ratios or indices based on height and weight have been recommended as a more constant measure of the individual's physique, irrespective of age. On the other hand, since the ratio of weight to height varies with age in normal children, it seems desirable that age be taken into consideration. Attempts have been made to standardize this factor in various ways. Tuxford (1939 Tuxford ( ,1942 Maoris, for example, to give an index of 1000. It will also be noted from Fig. 2 that an endocrine factor probably plays some part in determining the differences between groups, as the variation from 1000 is most marked in each group among girls from 10 to 15 years old.
The results show that the physique of Rarotongan children and adults compares favourably with that of people in other parts of the world, and that it does not reflect signs of malnutrition.
Comparison of the heights and weights of Rarotongan children with figures for children of other countries (Meredith, 1948 ; Barach, 1945) substantiates this.
Dental conditions in Rarotonga have been reported by Wingfield (1949) , who found that the incidence of dental caries in schoolchildren averaged eight teeth per child, two-thirds of the cavities being in the early stages of decay (stages I and 2 ) and onethird in advanced stages (stages 3 and 4). An examination of 500 adults showed also eight carious teeth per head, and abnormal gum conditions in 48 yo. The findings in this survey show an almost universal incidence of caries with some increase in degree with age. Also, there is a steady increase with age in the number of teeth missing and a general picture of absence of prevention or treatment of dental disease. The only people with teeth filled are those who are young enough to have come under the influence of the School Dental Service set up a few years ago; it is from this end that the problem is being tackled. The state of the gums, though most unsatisfactory, compares favourably with the findings in Samoa by the 1948-9 expedition (unpublished report to New Zealand Medical Research Council). To what extent the hypoplasia of the enamel found in some cases, or the large amount of caries and gingivitis, comes from a nutritional background, is difficult to tell. There is no evidence for or against calcium deficiency, which is not believed to be present. There is almost certainly a relationship to the introduction of European foods, as it has been recorded by several observers that the natives' teeth were in excellent condition many years ago. Also, inhabitants of Rarotonga, some of them among the group studied, tell how their teeth were free from dental caries on other islands where they lived until they moved to Rarotonga; here they consumed a much larger amount of European food, especially soft carbohydrates, whereas on the other Cook islands they had to exist on hard native foods.
In the absence of other signs of nutritional deficiency, which might be expected if these oral changes found represented a lack of essential dietary components, it might be concluded that the problem is primarily an oral one, and could be remedied by education in oral hygiene, efficient prophylaxis and treatment in the early stages of dental caries.
It was of considerable interest to note that there was only one mild case of thyroid enlargement; the large quantity of fish and sea-foods consumed must provide a relatively large iodine intake.
From all these findings, it will be seen that the diet must essentially be adequate in quality and quantity. lnasmuch as the economic status of the individual governs the amount and type of food he consumes, so long as he relies (especially for animal protein) upon imported food that must be bought, the diet could be improved by better planning of local food production and by the fostering of animal and poultry husbandry. 2. The results showed that malnutrition is neither a widespread nor a serious problem except that the influence of European food apparently plays an important part in the very common unhealthy state of the teeth and mouth.
3. The diets were apparently sufficient in protein, carbohydrate, fat, minerals and vitamins.
4. Obesity was common, due possibly to racial as well as dietary factors. The physique of both adults and children compared favourably with that of similar groups in other countries.
